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(57) ABSTRACT

A crossbar switch comprises two or more data inputs 10, two
or more data outputs 100, a builer 30 between the inputs and
the outputs, an arbiter 52 associated with each output and
configured to select data from one of the inputs when there
1s contention at the output, a bypass 32 associated with the
buffer so that the buffer can be enabled or disabled, and a
bufler controller 60 configured to enable or disable the
buffer. The bufler controller further includes an accumulator
70 configured to assess whether a time-based average of the
contention rate, or an average injection rate, at the output
associated with the bufler, has reached a predetermined
threshold. This prevents the bufler being enabled when the
contention 1s only intermittent, which reduces power con-

sumption without significant loss of performance.
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1
SWITCHING DEVICE USING BUFFERING

BACKGROUND

The present disclosure relates to bufllering ahead of a
shared resource, such as a switch, in particular a crossbar
switch.

When switching or moving digital data in a crossbar
switch, blockages may occur between the input and output,
or source and destination. For instance, 1f data at two iputs
1s to be routed to a shared output, one of the data has to wait
until the other 1s processed at the output.

If, behind the data that 1s caused to wait, there 1s further
data that 1s destined for another output that is free, the further
data will be blocked for that clock cycle and the resources
of the switch will be underused.

In order to avoid such blocking and to maximise use of the
system’s resources, the blocked data can be buflered, and a
decision made in the next cycle as to whether it 1s then
processed. However, bullers are expensive 1n terms of
resource (e.g. chip area) and power consumption. Hence it
1s desirable to minmimise their use without compromising
system performance.

The present disclosure aims to improve the use of buil-
ering.

SUMMARY OF THE DRAWINGS

Builering systems will now be described with reference to
the attached drawings, 1n which:

FIG. 1 1s a schematic diagram of a switch with multiple
inputs and outputs;

FIG. 2 1s a graph of the eflect of average 1njection rate on
latency 1n the system, with and without buflering;

FIG. 3 1s a schematic diagram showing the switch of FIG.
1 1in greater detail;

FIG. 4 1s a graph, similar to FIG. 2, also showing a plot
ol contention versus 1njection rate for the builered case;

FIG. § 1s a schematic diagram of an embodiment incor-
porating a controller; and

FIG. 6 shows a further version of apparatus envisaged in
the present disclosure.

DETAILED DESCRIPTION

According to a first technique, there 1s provided a switch-
ing fabric such as a crossbar switch comprising two or more
data inputs, two or more data outputs, a butler between the
inputs and the outputs, an arbiter associated with each output
and configured to select data from one of the inputs when
there 1s contention at the output, a bypass associated with the
buffer so that the bufler can be enabled or disabled, and a
butler controller configured to enable or disable the bufler,
the bufler controller further including an accumulator con-
figured to assess whether a time-based average of the
contention rate of the output associated with the butler has
reached a predetermined threshold.

According to a second technique, there 1s provided a
switching fabric such as a crossbar switch comprising two or
more data mnputs, two or more data outputs, a builer between
the inputs and the outputs, an arbiter associated with each
output and configured to select data from one of the mputs
when there 1s contention at the output, a bypass associated
with the bufler so that the bufller can be enabled or disabled,
and a bufler controller configured to enable or disable the
bufler, the bufler controller further including a counter
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2

configured to assess whether a time-based average injection
rate of the output associated with the buffer has reached a
predetermined threshold.

According to a third technique, there 1s provided a method
of switching in which arbitration 1s carried out between two
or more 1mputs supplying data to two or more outputs, there
being at least one builer between the inputs and the outputs,
and a bypass rendering the butler capable of being enabled
or disabled, wherein bypassing is enabled when a time
average ol the contention rate at the output, or of the
injection rate of the output, 1s above a predetermined thresh-
old value.

FIG. 1 1s a schematic diagram of a switch 1, depicted as
a crossbar switch 1, having inputs or “sources” 10 and
outputs or “destinations” 100.

In the present illustrative example three inputs (10a-10c¢)
and two outputs (100a & 1005) are shown; generally, there
are at least two mputs and two outputs, but the exact number
1s not significant, nor need the number of inputs equal the
number of outputs.

The crossbar switch 1 may be a component of a single I1C
(integrated circuit), or a {ree-standing component, for
instance. Its purpose 1s to route data arriving at any of the
inputs 10 to any of the outputs 100, as determined, for
example, by the software being executed.

If data D1, D2 at two inputs 10a, 105 respectively 1s to be
routed at the same time, e.g. 1n the same clock cycle, to the
same output, say 100a, some form of arbitration has to be
performed (e.g. by respective arbitrators (ARB)), so that the
data, for example D1 at mnput 10a, 1s routed through the
crossbar switch 1 and data D2 at the other input 105 1s stalled
due to contention at the output 100aq.

Further data D3 arriving at the input 105 1s then blocked
until D2 1s passed to the output 100a.

One way of assisting data tlow 1s by providing a butler 30
in the channel between the input 106 and output 100a 1n
order to free the data (e.g. D2) at the input 105 for processing
of further data arriving thereat (e.g. D3).

It will be appreciated that whilst only one bufler 1s
depicted 1n FIG. 1, some or all channels between the mputs
10a-10¢ may comprise such buflers.

FIG. 2 1s a graph showing a simulation of a crossbar
switch, where latency, measured along the primary or left-
hand Y-axis, 1s plotted against injection rate per channel or
throughput, measured on the X-axis. Latency may be taken
to be the time delay in passing data from an input to an
output 1n the crossbar switch.

A channel would be represented 1n FIG. 1 by, say, the path
from one input 10a to one output e.g. 100a (as shown by the
dotted lines 1n FIG. 1). The single-dot chain line of FIG. 2
depicts latency with no buflering (i.e. when the butlers are
disabled), whilst the double-dot chain line depicts the effect
of buflering (i1.e. when the buflers are enabled).

When the limit of throughput 1n a channel 1s reached (e.g.
due to contention, when two or more nputs are destined for
the same output at the same time), latency will be maximised
and tends to infinity because the queue at the input of the
channel will build.

It will be seen from FIG. 2 that enabling the buflers
provides for a higher throughput in comparison to when
buflers are not enabled.

In conventional systems, the buflers 1n a particular chan-
nel are enabled as soon as contention 1s detected at the
output (1.e. instantaneous contention). Taking the example of
FIG. 2, for conventional systems the bufllers would be
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enabled for a particular channel as soon as contention 1is
detected at the output of that channel, (latency >0), so that
throughput 1s maximised.

However, such functionality may not provide a perfor-
mance advantage because, for example, random contention
may occur at low throughput or bandwidth, but the overall
channel throughput will be the same over time whether or
not the buflers are enabled. As the buflers may comprise a
plurality of registers, merely enabling the builers when
contention 1s detected may result 1n considerable unneces-
sary power consumption within the system.

FI1G. 3 shows a detail of crossbar switch 1 according to the
present techniques.

Four mputs 10 are shown 1n FIG. 3, labelled “Source 07
to “Source 3” respectively, whilst two outputs 100 are also
shown, labelled “Destination 0”” and “Destination 17 respec-
tively.

In the present example, each mput 10 has a path or
channel to each of the outputs 100.

However, as data can only be sent from a particular input
to a particular output at any one time, the mnputs 10 are
connected to the outputs 100 by circuitry, such as via a series
of multiplexers and arbiters which control/select, according
to suitable criteria, which data to route from an input to an
output, through a particular channel 1n each cycle.

In the present example, the mputs 10 are connected in
pairs to corresponding mput multiplexers 20, 20' which are
under the control of respective arbiters 22, 22'; each input
multiplexer 20, 20' selects data from one of the respective
inputs to be passed to a second or builer multiplexer 40, 40
in the respective channel, as determined by the correspond-
ing arbiter 22, 22'.

The output from the second multiplexer 40, 40' 1s passed
to an output multiplexer 50, which 1s under the control of an
output arbiter 52.

As above 1n FIG. 1, 1f there 1s contention at the output
multiplexer 50—that 1s, 1f the data from both 1nputs (Source
0 and Source 1) are destined for the same output (destination
0)—then further data arriving at the mputs (Source O or
Source 1) and destined for a different output (destination 1)
must be held for at least one clock cycle until the respective
input 1s clear. This may lead to head-of-line (HoL) blocking
at the mput at which the further data arrives.

In order to allow the further data to proceed to the
different output (destination 1), the crossbar switch 1 incor-
porates at least one builer 30, 30' 1n each channel between
the mput multiplexers 20, 20' and second multiplexers 40,
40'. A bypass 32, 32' 1s also provided in parallel with the
respective buflers 30, 30'.

Looking at the channel having mput multiplexer 20 and
second multiplexer 40, the data 1s passed from the input
multiplexer 20 to the second multiplexer 40 either via a
bufler 30 or via a bypass 32.

In the present illustrative example, the bufler 30 1s
depicted as a first-in, first-out (FIFO) bufler, and the order of
data from the input multiplexer 20 to the second multiplexer
40 1s maintained, whereby the data selected by the second
multiplexer 40 1s dependent on inter alia a signal S0 from the
butler 30 indicative of whether or not the buifer 30 1s empty.

In the present illustrative example, the second multiplexer
40 may select data from the bypass 32 when the bufler 1s
empty. When there 1s data in the bufler, the second multi-
plexer will only select data from the builer 30.

A controller 60 controls the bufler 30 to be enabled or
disabled (on or ofl) (and the bypass to be disabled or
enabled) according to the degree of contention, to be
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The bufler-empty signal S0 may also be used to determine
an arbitration scheme for the input multiplexer 20 and output
multiplexer 50. For example, when the buifer 30, 30' for a
particular channel 1s empty, the mput multiplexers 20, 20’
can 1n some embodiments be configured to select data in
dependence on, for example, a first arbitration scheme (e.g.
MRU or LRU), whilst the output multiplexer 50 may select
data based on the same or a different arbitration scheme.
Such functionality will be described with reference to FIG.
S below.

In the present example, the circuitry 1s under the control
of a common clock signal S1. In alternative examples,
different components of the circuitry may be under the
control of different clocks.

As per conventional systems, one way of controlling the
buffers 30, 30' 1s to enable them whenever instantaneous
contention 1s detected at the output. This may be achieved by
transmitting a signal (not shown) from the output multi-
plexer 50 to the controller 60 so as to enable the buiter 30.

However, the present techniques recognise that this may
not make the most eflicient use of buflers, and 1n contrast to
conventional systems, using the present techniques, in some
embodiments, the buflers are enabled based on the activity
of the output multiplexer 50, or on another measure of
occupancy of the available resources.

In the present 1llustrative example, the bufler controller 60
receives a signal S3 from an accumulator 70, where S3 1s
generated based on, or 1n response to, a signal S2 from the
buffer multiplexer 40 where i1t forms an input to the output
multiplexer 50, where S2 corresponds to the rate of conten-
tion at the output multiplexer 50.

The controller 60 generates a signal S4 to clock or enable
(or disable, as the case may be) the bufler 30 in response to
signals S0, S1 and S3.

In the present illustrative example, the controller 60
includes an OR gate 63, producing an output S5 based on,
or 1n response to, inputs S3 and S0, the latter being inverted
so as to indicate that the bufler 1s not empty.

In the present example, the controller 60 also includes a
clock gate circuit 62 having a latch 65 and an AND gate 67,
where the output S6 from the latch 65, 1s used as one input
to the AND gate 67 along with the clock S1 as a second
input, whereby the AND gate 67 generates the signal S4 to
enable or disable the butler 30.

As above, for FIFO buffers, whenever the buffer 30 1s
enabled the respective bypass 32 1s disabled, and when the
bufler 30 1s disabled, the respective bypass 32 may be
enabled once the butler 30 1s empty (1.e. has no data therein).
For non-FIFO buflers, there 1s no requirement to wait until
the bufler 1s empty before enabling the bypass 32.

Using the present techniques, the bufler 30 1s enabled by
S4 only when a time average rate of contention exceeds a
certain threshold value over two or more clock cycles. If the
threshold 1s not reached, the bufter 30 will not be enabled.

Preferably the time average 1s a time-decaying average,
such that, for example, only the most recent n clock cycles
are counted (‘n’ being an integer >1, e.g. from 2 to 10). Thus,
in the present example, the time-decaying average increases
the accumulator 70 by a specified value, usually 1, whenever
there 1s contention at the output and decreases 1t by a second
value, which may also be 1, when there 1s no contention at
the output.

Therefore, 1n contrast to conventional systems, using the
present techniques the bufler or buflers 30 1n a particular
channel are only enabled when the time average of the
contention rate exceeds a certain threshold value over two or
more clock cycles. Such functionality reduces the amount of
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time of the bufllers in a channel are enabled, and, therefore,
may reduce the power consumption in the crossbar switch in
comparison to conventional systems.

As depicted 1n FIG. 3, the channel having input multi-
plexer 20' and second multiplexer 40' also has associated
accumulator 70" and control circuitry 60' for detecting when
the time average of the contention rate exceeds a certain
threshold value over two or more clock cycles.

Each of the four inputs 10 (Source O to Source 3) may also
be connected to the second output (destination 1) by similar
circuitry (e.g. multiplexers, butlers, bypass, control circuitry,
accumulators, etc.), not shown 1n detail in FIG. 3.

FIG. 4 graphically depicts a simulation of a crossbar
switch using the present techniques. As 1n FIG. 2 above, the
latency (primary Y-axis) 1s plotted against injection rate per
channel or throughput (X-axis). In FIG. 4, the average
proportion of buflers enabled (secondary Y-axis) 1s also
plotted (curve 72) against the injection rate per channel or
throughput (X-axis). This curve 72 thus depicts the average
proportion of buflers enabled, or average contention, when
the 1nstantaneous-contention scheme 1s used. Of course,
when buflers are not used, contention rises much more
steeply, but this 1s not shown on FIG. 4.

As described above, in conventional systems the builers
are enabled on the detection of any instantaneous contention
(e.g. when stalls per bufler output >0%). However, enabling
the buflers when the system 1s operating at a relatively small
average contention, at injection rates below, say, 50% 1n this
example, means that the buflers may be turned on unnec-
essarily, as the small increase 1n throughput may not justity
the additional power consumption.

Using the present techniques, an average contention
threshold, or an average injection-rate threshold, 1s set, so
that the buflers are only enabled once the threshold 1s
reached. This average may be taken over a small number of
cycles. Hence, as will be appreciated from FIG. 4, 1n
situations where the 1njection rate 1s below the threshold for
some of the time, the bufllers will be enabled for less time 1n
comparison to the prior art.

As an 1llustrative example, when the average contention
threshold 1s set to correspond to 20%, the buflers in the
channel are only enabled once this threshold 1s reached.
Using such functionality, the average proportion of buflers
enabled would be approximately 20% when operating at
approximately 67% throughput, and correspondingly higher
above this figure. This 1s as for the prior art, operating on the
basis of instantaneous contention. However, if, for example,
the throughput drops for a time to 50%, this only provides
7% average contention and, therefore, the buflers would not
be turned for the present 1llustrative example as the thresh-
old 1s not reached, whereas 1n the prior art they would be
turned on for 7% of the time.

From FIG. 4, it will be seen that an advantage for
throughput may be derived when the average contention
threshold 1s set to be between approximately 5% and
approximately 25%, since, below 5%, use of the bullers will
be substantially similar regardless of whether the “instanta-
neous’ or the “average” regime 1s used. Above 25%, use of
the buflers will be similar to using a threshold of 25%. As
the injection rate rises towards about 68%, corresponding
here to a bufler use of about 23%, the (unbuflered) latency
tends towards infinity. The builers should be enabled at the
latest by this stage, and 1n practice 20% has been shown to
give best results for the configuration of FIG. 3. If average
injection rate 1s used as the parameter measured, a useful
range would be about 30%-70%, depending on the configu-
ration, and in particular 60%-65%.
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Therefore, 1t will be appreciated that the present tech-
niques provide for a reduction in the amount of time the
buflers are enabled 1n comparison to conventional systems.
Such functionality provides for increased power efliciency
without negatively impacting the achievable throughput.

A further optimisation may be incorporated, namely to
reset the accumulator 70 to just below the threshold value
when the output (e.g. destination 0) has no request. This
ensures that the bufler 1s enabled whenever new data arrives
after a delay. The maximum value of the accumulator 70
determines the time constant of the averaging function.
More complex averages could also be envisaged.

In the present examples, data 1n a bufler 30 takes priority
over new data arriving at the inputs 10, such that, once a
bufler 30, 30' 1s selected by the output arbiter 52 and begins
to drain, the monitoring function means that the bufler 30,
30" 1s disabled for accepting new data, thus reducing unnec-
essary use of the bufler 30, 30'.

Furthermore, when the bufler 30, 30' is a FIFO bufler, the
associated bypass 32, 32' 1s disabled whilst there 1s data 1n
the bufler 30, 30'. Once all the data in the bufter 30, 30' has
drained, the associated bypass 32, 32' may then be enabled
when required, thereby maintaining FIFO order.

Furthermore, once the butlter 30, 30' 1s empty and 1s not
required to be enabled (e.g. due to the average contention
rate of the channel being below the threshold), it may be
placed 1n low-power mode, e.g. by clock gating (no longer
feeding the clock signal to the bufler) or perhaps by power
gating.

As will be appreciated, the builers 30, 30' associated with
a particular output may additionally be enabled or disabled
when required, for example to help 1solate other inputs to the
crossbar switch from a slowly accepting output (e.g. of a
Dynamic Voltage and Frequency Scaling (DVFES) cluster).

As noted above, alternatively to using the time-average
contention rate, other parameters indicative of a need for
buflering can be monitored. For instance, 1n some embodi-
ments the request rate of entire transactions 1s detected; an
example could be the rate of read address requests 1n an
interconnect protocol such as Advanced eXtensible Interface
(AXI). The butlers 30, 30' may be enabled when the request
rate, rather than the stall rate, reaches a certain average
value. This gives advance knowledge that the bullers may be
required, enabling timely wake-up of the buflers from a
low-power mode.

In some embodiments at least one bufler 1s provided for
cach mput to the output multiplexer. A further alternative 1s
to have buflers associated with the mput multiplexers 20, 20’
rather than (or in addition to) the output multiplexer 50.

The concept can be applied to all structures in which
transient demands for increased occupancy may arise that
nevertheless do not exceed an average. For example, a
transaction tracking list in an 1nterconnect assembly, e.g. in
a coherency controller, can be split into small partitions for
common low-use cases, while other, perhaps larger, parti-
tions, that in low-use conditions are not used, can be turned
on for the less common cases that require high performance
for a sustained period. The latter partitions are 1n eflect the
“butlers” for the data. The tracking structure or list can be
configured to give a “full” response to new requests until 1t
1s known that the occupancy level i1s required not merely
instantaneously but for a sufliciently long time to make a
significant difference to performance. Here 1t can be ensured
that 1n any kind of message sequence (for example read
request and read data as above) 1t 1s known 1n advance how
great the demand on the resource will be, which can elimi-
nate delay before the increased capacity 1s enabled.
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A further development of the present techniques com-
prises adapting the arbitration scheme carried out i the
output arbiter 52 to the state of the builers 30, 30'.

It has been shown 1n benchmarks that, when buflering 1s
disabled, an MRU (Most Recently Used) arbitration scheme

yields the most eflicient system bandwidth of up to 40%
more than an LRU (Least Recently Used) arbitration scheme
in the presence of non-uniform traflic (e.g. 1n bursts); this 1s
a consequence of MRU removing head-of-line blocking
sooner on average than LRU. In MRU, here the most
recently used mput channel 1s chosen when there 1s conten-
tion.

On the other hand, when buflering 1s enabled, it has been
shown 1n the benchmarks with the same traflic that an LRU
arbitration scheme yields the better system bandwidth of up
to 10% more than an MRU arbitration scheme. It 1s possible
that this 1s because the LRU scheme distributes builer slots
more evenly between the mputs using the same bufler (e.g.
Source 0 and Source 1), thus increasing the chances of
removing head-of-line blocking across all the mputs.

Therefore, further contemplated configurations employ
dynamic arbitration schemes, which are dependent on the
state of the bullers instead of using purely a single scheme,
such as a MRU or LRU scheme, at each arbitration point.

An example 1s shown schematically in FIG. 5, which
shows a detail of a circuit similar to that set out 1n FIG. 3.
Here a further controller 80 1s provided, which 1s configured
to control each output arbiter 52 (only one 1s shown 1n FIG.
5).

This controller 80 may also be used to control the bufler
30 and bypass 32 as previously described for the controller
60 of FIG. 2, though 1n other embodiments different con-
trollers 60, 80 may be used.

The arbitration scheme used by the output arbiter 52 can
be dynamically set 1n response to mput 82 from the con-
troller 80, so as to arbitrate using an arbitration scheme in
dependence on the input 82.

This can be done 1n a low-cost manner, for example, using
only a single bit, by simply inverting the registered record of
which input was least recently used when the input 1s high,
to vield the mput that was most recently used. This allows
the output arbiter 52 to use the MRU arbitration scheme
when the bufler 30 1s disabled and the LRU arbitration
scheme when the bufler 30 1s enabled.

In more complex systems other choices of arbitration can
be used, such as longest-queue-first.

Furthermore, the arbitration schemes used by the input
arbiters (not shown 1n FIG. 5) or any other arbiters, can also
be dynamically set by an associated controller, preferably
the same but conceivably a further controller.

Theretore, rather than using a fixed arbitration scheme for
cach arbiter in the system, the arbitration scheme for a
particular arbiter may be dynamically selected based, for
example, on the state of the associated buflers so as to
provide the best uplift 1n system bandwidth for each channel
depending on the data passing therethrough.

It will be appreciated that whilst MRU and LRU schemes
are described above, others, such as a channel-priority
scheme, may also be incorporated. With some schemes,
measures may be taken to limit the length of time a par-
ticular arbitration scheme 1s maintained, so as to avoid
starvation, 1.e. where a particular input 1s never called.
MRU, for instance, may need such a measure; therefore, the
implemented device can be arranged to switch to LRU from
MRU mode if there has been a request that has not been
granted for a timeout period.
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Furthermore, 1n FIG. 3 above, two inputs are shown to
share a bufler. This may reduce the power overhead since
buffers may be considered power-hungry in comparison to
other logic. However, it will be appreciated that any number
of 1nputs may be associated with a given builer.

For example, FIG. 6 shows a further embodiment in
which two sets of iputs, three in each set (srcO-src2 and
src3-srcd) are each connected to an output (dst) via two 1nput
multiplexers 20, 20", respective buflers (e.g. clock-gated
FIFOs) having associated bypass circuits and an output
multiplexer 50.

As will be appreciated by one skilled 1n the art, the present
techniques may be embodied as a system, method or com-
puter program product. Accordingly, the present techniques
may take the form of an entirely hardware embodiment, an
entirely software embodiment, or an embodiment combining
software and hardware.

Furthermore, the present techniques may take the form of
a computer program product embodied 1n a computer read-
able medium having computer readable program code
embodied thereon. The computer readable medium may be
a computer readable signal medium or a computer readable
storage medium. A computer readable medium may be, for
example, but 1s not limited to, an electronic, magnetic,
optical, electromagnetic, infrared, or semiconductor system,
apparatus, or device, or any suitable combination of the
foregoing.

Computer program code for carrying out operations of the
present techniques may be written 1n any combination of one
or more programming languages, including object oriented
programming languages and conventional procedural pro-
gramming languages.

For example, program code for carrying out operations of
the present techniques may comprise source, object or
executable code 1n a conventional programming language
(1interpreted or compiled) such as C, or assembly code, code
for setting up or controlling an ASIC (Application Specific
Integrated Circuit) or FPGA (Field Programmable Gate
Array), or code for a hardware description language such as
Verilog™ or VHDL (Very high speed integrated circuit
Hardware Description Language).

The program code may execute entirely on the user’s
computer, partly on the user’s computer and partly on a
remote computer or entirely on the remote computer or
server. In the latter scenario, the remote computer may be
connected to the user’s computer through any type of
network. Code components may be embodied as procedures,
methods or the like, and may comprise sub-components
which may take the form of instructions or sequences of
instructions at any of the levels of abstraction, from the
direct machine instructions of a native instruction set to
high-level compiled or interpreted language constructs.

It will also be clear to one of skill in the art that all or part
of a logical method according to the embodiments of the
present techniques may suitably be embodied 1n a logic
apparatus comprising logic elements to perform the method,
and that such logic elements may comprise components such
as logic gates in, for example a programmable logic array or
application-specific integrated circuit. Such a logic arrange-
ment may further be embodied 1n enabling elements for
temporarily or permanently establishing logic structures in
such an array or circuit using, for example, a virtual hard-
ware descriptor language, which may be stored and trans-
mitted using fixed or transmittable carrier media.

In one alternative, an embodiment of the present tech-
niques may be realized 1n the form of a computer-imple-
mented method of deploying a service comprising deploying



US 10,289,587 B2

9

computer program code operable to, when deployed into a
computer infrastructure or network and executed thereon,
cause said computer system or network to perform all of the
method.

Alternatively, the embodiment of the present techmques
may be realized in the form of a data carrier having
functional data thereon, said functional data comprising
functional computer data structures to, when loaded 1nto a
computer system or network and operated upon thereby,
enable said computer system to perform all of the method.

It will be clear to one skilled in the art that many
improvements and modifications can be made to the fore-
going example embodiments without departing from the
scope of the present techniques.

As will be appreciated from the foregoing specification,
techniques are described providing a crossbar switch or
switching fabric according to claim 1.

In embodiments, the bufler controller may be configured
to disable the bypass while the bufler 1s draining.

Furthermore, the arbiter 1s configured to have at last two
different arbitration schemes selectable by an arbitration
controller, this controller selecting a scheme on the basis of
whether the bypass 1s enabled or disabled, wherein the
arbitration controller may be the same as or 1s contained
within the bufler controller.

In embodiments the two schemes are MRU and LRU, or
MRU and longest-queue-first.

In some embodiments the controller may be configured to
obtain the source that was most recently used by inverting a
registered record of which source was least recently used.

In embodiments, one or more of the mputs of data 1s itself
the result of an arbitration over two or more inputs.

In some embodiments, the buifer may be a FIFO butfler.

As will be appreciated from the foregoing specification,
techniques are also described providing a crossbar switch or
switching fabric according to claim 13, and a switching
method according to claim 16.

In embodiments, the threshold value may be 20%.

Furthermore, when bypassing 1s enabled, the arbitration
may use one arbitration scheme, and, when bypassing i1s
disabled, the arbitration may use a different arbitration
scheme.

In embodiments, the time average may be ascertained by
incrementing a counter 1 there 1s contention at the output 1n
a given clock cycle, whereby the counter value 1s set to just
below the said predetermined threshold value 1f there 1s no
request 1n a given clock cycle.

The invention claimed 1s:

1. A switching fabric comprising two or more inputs, two
or more outputs, a builer between the inputs and the outputs,
an arbiter associated with each output and configured to
select data when there 1s contention at the output, a bypass
associated with the butler so that the buller can be enabled
or disabled, and a bufler controller configured to enable or
disable the builer, the bufler controller further including an
accumulator configured to assess whether a time-based
average of the contention rate of the output associated with
the bufler has reached a predetermined threshold, and
wherein the bufler controller 1s to enable the buifer when the
predetermined threshold 1s reached.

2. The switching fabric according to claim 1, wherein the
accumulator monitors the contention rate of the output,
incrementing when contention 1s detected and decrementing
with time.

3. The switching fabric according to claim 1, wherein the
butler controller 1s configured to disable the bypass while the
butler contains data.
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4. The switching fabric according to claim 1, wherein the
arbiter 1s configured to have at last two different arbitration
schemes selectable by an arbitration controller, this control-
ler selecting an arbitration scheme based on the state of the
bufler.

5. The switching fabric according to claim 4, wherein the
arbitration controller 1s the same as or 1s contained within the
buffer controller.

6. The switching fabric according to claim 4, wherein the
two schemes are most-recently-used and least-recently-
used.

7. The switching fabric according to claim 6, wherein the
controller 1s configured to obtain the source that was most
recently used by inverting a registered record of which
source was least recently used, or vice versa.

8. The switching fabric according to claim 4, wherein the
two schemes are most-recently-used and longest-queue-first.

9. The switching fabric according to claim 1, wherein one
or more of the data 1s itself the result of an arbitration over
two or more 1nputs.

10. The switching fabric according to claim 1, wherein the
buffer 1s a first 1n, first out (FIFO) bufler.

11. A switching fabric according to claim 1, in which the
said predetermined threshold 1s at least 5%.

12. A switching fabric according to claim 11, in which the
said predetermined threshold 1s less than or equal to 25%.

13. A switching fabric according to claim 1, being imple-
mented as a crossbar switch.

14. A switching fabric comprising two or more data
inputs, two or more data outputs, a buller between the mputs
and the outputs, an arbiter associated with each output and
configured to select data from one of the inputs when there
1s contention at the output, a bypass associated with the
bufler, and a bufler controller configured to enable or disable
the bufler, the buller controller further including a counter
configured to assess whether a time-based average 1njection
rate of the output associated with the builer has reached a
predetermined threshold, and wherein the bufler controller 1s
to enable the bufler when the predetermined threshold 1s
reached.

15. A switching fabric according to claim 14, in which the
said predetermined threshold 1s between 30% and 70%.

16. A switching fabric according to claim 14, being
implemented as a crossbar switch.

17. A method of switching 1n which arbitration 1s carried
out between two or more inputs supplying data to two or
more outputs, there being at least one bufler between the
inputs and the outputs, and a bypass in parallel with the
buffer, the method comprising enabling the buffer when a
time average of the contention rate at the output reaches
predetermined threshold value.

18. The method according to claim 17, further compris-
ng:

using a first arbitration scheme when the buifer 1s enabled,

and

using a second arbitration scheme when the bufler is

disabled.

19. The method according to claim 17, wherein the time
average 1s ascertained by incrementing a counter if there 1s
contention at the output 1n a given clock cycle.

20. The method according to claim 19, in which the
counter value 1s set to just below the said predetermined
threshold value 1t there 1s no request 1n a given clock cycle.
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